Introduction
Comel-Netherton syndrome (C-NS) is an autosomal recessive disorder of the skin, hair and immune system first reported by Comel in 1949 and Netherton in 1958 (1, 2) . This syndrome presents at or soon after birth with generalized erythroderma, scaling, and/or continuous peeling of the skin resembling nonbulloous congenital ichthyosiform erythroderma or peeling skin syndrome. In the neonatal period, 20% of the babies suffer from hypernatremic dehydration, electrolyte imbalances, perturbed thermoregulation, failure to thrive and recurrent infections which may result in neonatal demise [3] [4] [5] . The skin lesions are often pruritic, resemble atopic eczema, and show an unstable, undulating course. They are usually accompanied by hair shaft abnormalities that develop during early childhood and may result in diffuse alopecia. The hallmark of C-NS is trichorrhexis invaginata (bamboo hair), but other abnormalities, including pili torti (twisted hair) and trichorrhexis nodosa (hair of varying diameter) have been observed. Markedly elevated IgE levels, allergic reactions to food and common antigens, malnutrition, and increased susceptibility to skin, respiratory tract or systemic infections are also characteristic [6, 7] .
There are nearly 150-160 cases of C-NS reported in the literature, its incidence might be 1/200.000 [6] due to challenging diagnostic problems during infancy and early childhood. This syndrome has overlapping features with atopic dermatitis and other recessive ichthyosis. Most patients with C-NS are sporadic cases however, there are reports of affected siblings and of consanguinity in about 10% of the families with C-NS which is common in autosomal recessive inheritance [8] [9] [10] .
In this study, we present two consanguineous Turkish families (two sisters married with two brothers) of prenatal diagnosis of Netherton syndrome and successful intracytoplasmic sperm injection (ICSI) pregnancies using PGD and a review of literature. To our knowledge, this is the first report of PGD and ICSI in Comel-Netherton syndrome.
Cases
Two couples were referred to our clinic with infertility. Two sisters were married to two brothers, and they are consanguineous (first degree cousins). Both of the women had polycystic ovarian syndrome (PCOS), and the men had oligoasthenospermia.
Case 1
The first patient was 27 years-old G:3 P: 1 woman with PCOS. Woman who was weight 85 kg and tall 165 cm, had abnormal ratio of gonadotropins (LH/FSH ratio; 4,3). She was assessed as hirsutism according to Ferriman-Gallawey scoring system (score; 14). She had complaint of menstrual irregularity as oligohypomenorrhea for the menarche. Her husband had oligoasthenoteratospermia. Sperm count was 9 million/mm 3 and 35% of sperms were motile and 4% of all sperms were had normal morphology according to Kruger's strict criteria's. The woman and her spouse had no systemic disease and any skin manifestaitions in their past medical and family histories.
After the second year of their marriage, they were referred to an IVF clinic. The first treatment cycle resulted with a pregnancy but, ended with missed abortion in the 6th gestational week. Genetic assessment was not made from termination material, because of couple did not agree. In the second treatment cycle, resulted with a pregnancy. Chorion villus sampling or amniocentesis was suggested but couples didn't agree due to religion and economic problems. The fetus was born with Netherton syndrome and died because of infectious complications in the first month of life. Netherton syndrome was diagnosed on postmortem authopsy with karyotype analysis. Homozygous mutation was found in exon 4 as 238 insG and this mutation was confirmed by direct sequencing analysis with father and mother DNA samples of the parents. DNA samples were isolated from peripheral bloods and the mutation analysis was confirmed SPINK5 gene mutations on mother and father as 238 insG in exon 4. Genetic counseling was given and IVF with PGD was suggested to family for next pregnancy.
In the next treatment cycle, we planned prenatal genetic diagnosis (PGD). It was used long protocol with decapeptyl (triptorelin) and recombinant human FSH (Gonal-F; Serono International, Geneva, Switzerland) for controlled ovarian hyperstimulation. The estradiol levels were measured 3,500 nmol/L and ovarian picked up was made at the 10th day of cycle. Twenty-four oocytes were retrieved then 21 ICSI were conducted and 19 embryos were gained. There were 15 embryos on 3th day of fertilization and embryo biopsies were made from all embryos. According to PGD results, It was determined that four embryos had heterozygous mutation, four embryos had homozygous mutation and four embryos had homozygous normal karyotype (Figs. 1, 2, 3). In three of the embryos, there was no PCR amplification. Three embryos were transferred and one normal embryo was freezed. The woman gave birth to a healthy baby at 37.5th gestational weeks weighting 3,100 gr.
Case 2
The second patient was 25 years-old and G:3 P:1 woman with PCOS, she was sister of the first patient. Woman who was weight 78 kg and tall 167 cm, had hirsutism (Ferriman-Gallway score: 12). Her husband had oligoasthenoteratospermia according to Kruger's strict criteria's (sperm count; 13 million/mm 3 , normal morphology: 3% and motility 30%). After two miscarriages at first trimester, they were referred to an IVF clinic, and an ICSI pregnancy was resulted. In this pregnancy, amniocentesis was conducted on 16th week of pregnancy and it was determined as Netherton syndrome in genetic assessment in amniotic fluid. They did not accept termination of pregnancy because of religious reasons and the baby was borned. The baby deceased in the third month of life despite maximal intensive care intervention. The genetic counseling were given to family and PGD with IVF was suggested. The family applied to our IVF clinic for pregnancy after the 1 year later. We performed long protocol with GnRH agonist (Lucrin) and recombinant FSH (Gonal-F). 18 oocytes were retrieved then 17 ICSI were conducted and 17 embryos were gained. There were 13 embryos on 3th day of fertilization and embryo biopsies were made from all embryos.
The PGD results revealed five embryos had heterozygous mutation, four embryos had homozygous for the mutation and one embryo had homozygous normal. In three of the embryos, there was no PCR amplification. One normal and one heterozygous embryos were transferred on 5th day of fertilization. After 12 days of embryo transfer, beta hCG was measured as positive. The women gave birth to a healthy baby at 39th gestational weeks weighting 3,350 gr.
PGD technique
We performed blastomere biopsy in day 3 morning all embryos with Sage cooper surgical Quinn's advantage™ medium with hepes (Ca +2 -Mg + free) and Nikon T300 inverted microscope embedded Hamilton Thorne Laser system. Two blastomeres were taken from each embryo [11] . The blastomeres were transferred into 0,2 ml PCR tubes with 1 μl of medium, covered with mineral oil and subjected to cell lysis. Cell lysis was performed by heating at 45°C for 15′, 96°C for 20′ after the addition of 5 μl of cell lysis buffer (Tween 20, Triton X-100, Prot.K, 10xPCR buffer) to each test tube. The PCR strategy consisted in an initial multiplex external amplification using of oligonucleotide primers, one specific for the regions encompassing IVS-3/exon 4/IVS-V of SPINK5 gene followed by nested PCR specific for this region. The primers sequence is listed in Table 1 .
After cell lysis, and neutralization, 1,5 mM MgCl 2 , 200 μM of each dNTP, 2.5 U TaqPolymerase (Fermentas), 10 pmol of each outer primer, were added to each tube, in a total volume of 50 μl. The first round PCR employed a 95°C denaturation temperature in the first ten cycles as a means to reduce ADO [12] , followed by subsequent denaturation temperature of 94°C in 25 remaining cycles. Each round of PCR was preceded by an initial 4′ denaturation step at 94°C and followed by a final extension step of 10′ at 72°C. Extension temperature was 60°C.
For the second round of DNA amplification, 2 μl of the primary PCR reaction product was added to another tube containing 5 μl of 10X PCR Buffer II (500 mM KCl, 100 mM Tris HCl, pH 8,3-Applied Biosystems, Foster City, CA), 1,5 mM MgCl 2 , 200 μM of each dNTP, 2.5 U TaqPolymerase (Fermentas), 10 pmol of each inner primer, in a total volume of 50 μl, and the tubes were cycled as follows: initial denaturation step 1′ at 94°C for 1 cycle; Mutation analysis was carried out using automated sequence analysis method. Microcon 100 (Amicon, Beverly, MA) purified PCR products were sequenced by direct cycle sequencing using fluorescent-labelled dideoxy terminators (ET-Terminator Cycle Sequencing Ready Reaction KitAmersham) and run on the MegaBase 1000 Genetic Analyzer (General Electric). The sequences obtained were than compared with wild type controls using Sequence Navigator® Software (GE-MegaBase) for mutation analysis. Each identified mutation was confirmed by sequencing of the opposite strand.
Discussion
Until recently, C-NS could not possible to perform diagnosis before the pregnancy. In contrast to a number of other inherited skin disorders, ultra-structural examination of fetal skin biopsies, for defective cornification of the epidermis is not reliable [13] . Fetal skin keratinization begins after 24th week whereas in utero fetal skin biopsy is generally performed between 19 and 22 weeks' gestation [14] [15] [16] . Preimplantation genetic testing is an early form of prenatal diagnosis, where genetic defects in embryos created in vitro are analyzed before implantation in the uterus [17] . This offers couples at risk of a genetic disease the chance to have an unaffected child, without facing termination of pregnancy. To date, many studies have addressed the impact of preimplantation genetic screening in different groups of patients, however, its effectiveness has not been consistently proven [18] . Despite this, according to the recent European Society of Human Reproduction and Embryology (ESHRE) PGD consortium data collection, the number of PGD cycles performed for aneuploidy screening, pregnancies, and babies reported annually have increased considerably [19] . Polymerase chain reaction and fluorescence in situ hybridization are the two common techniques employed on a single or two cells obtained via embryo biopsy. The couple who seek in vitro fertilization may screen their embryos for aneuploidy and the couple at risk for a monogenic disorder but averse to abortion of the affected fetuses after prenatal diagnosis, are likely to be the best candidates to undergo this procedure [20] .
The recent identification of the defective gene in C-NS made DNA-based prenatal diagnosis possible [21] . SPINK5 (serin protease inhibitor Kazal-type 5) encodes the Kazal-type serin protease inhibitor domains. LECT1 is thought to be involved in the regulation of proteolysis in skin barrier formation and immunity and this protein is highly expressed in thymus and mucous epithelia [22] .
After the first report of mutations in C-NS [19] , more than 20 SPINK5 mutations have been identified and reported [23, 24] .The recent discovery of SPINK5 on chromosomal region 5q31 as the gene responsible for C-NS now enables causative mutations to be identified in these families. However, SPINK5 comprises 33 exons transcribed into a 3.7 kb coding mRNA, and is not amenable to quick mutation screening. In addition, the majority of SPINK5 identified so far are single base changes that have been identified in almost every exon of the gene. Thus the detection of SPINK5 mutations requires the screening of the entire coding sequence and splice sites of the gene, using a highly sensitive mutation detection technique such as denaturing high performance liquid chromatography [25] .
The clinical course often begins at birth. Infants with C-NS are born with congenital erythroderma (generalized erythema and scaling) or these skin findings can develop within the first few weeks postpartum. The extent of these findings varies greatly. At the most severe end of the spectrum, infants can be born with collodion membrane. These infants with more severe cases can also have an associated failure to thrive and hypernatremic dehydration, likely secondary to excess fluid loss from a defective skin barrier [26] . Rarely, infants can develop bronchopneumonia or sepsis. Nails and teeth are generally normal. The initial erythroderma usually evolves into ichthyosis linearis circumflexa (ILC) over time. ILC is not present at all times in patients, and may change with seasonal climate changes. Patients also have features suggestive of atopic dermatitis with erythema and lichenification at flexural creases and diffuse generalized xerosis. An extreme erythroderma can be observed with infection or excitement. Other clinical features include mental deficiency, neurological deficits (either seizure disorders or spastic diplegia), delayed growth and body development, short stature, recurrent infections (skin, eye, upper or lower respiratory tract), hypogammaglobulinemia or hypergammaglobulinemia [27] . Laboratory tests for C-NS are not as critical as evaluation of the hair shaft abnormality under light microscopy. Aminoaciduria occurs in a minority of the patients, with some question if this occurs secondary to use of topical or systemic steroids [23] . A peripheral eosinophilia is commonly found [28] . The serum IgE level is often elevated, sometimes to extreme levels [29] . Positive skin tests or RAST responses to environmental and/or food allergens are commonly observed [28] . Skin biopsy specimens are generally nonspecific and not helpful for the diagnosis. Histopathology often reveals changes resembling psoriasis with acanthosis, hypergranulosis, and occasionally spongiosis progressing to microvesiculation [29] . The hair shaft abnormality crucial for diagnosis of C-NS is the finding of trichorrhexis invaginata (bamboo hairs and ball and socket deformity) under light microscopy secondary to a defect of keratinization of the hair cortex [28] . Trichorrhexis nodosa and pili torti also occur [30] .
Many treatments have been attempted in patients with C-NS. Topical corticosteroids are inconsistently successful. Low dose oral corticosteroids, etretinate and psoralen ultraviolet A therapy was also used. Topical tacrolimus will likely achieve minimal benefit, and may be contraindicated for patients with extensive skin involvement with concern for systemic absorption [22, 31] .
There are some articles about prenatal diagnosis of C-NS with amniocentesis or chorionic villus sampling in literature [21, 32, 33] . This study is first report of ICSI pregnancy with PGD in C-NS. This is important especially in countries in which consanguineous pregnancies are often seen and autosomal recessive disorders are prevelant. IVF with PGD can be a appropriate treatment option for patients who have diagnosed any genetic diseases and gene disorders.
